Sequential-injection analysis (SIA) was proposed in 1990 1 to simplify flow-based analytical procedures. In this way, the confluence points usually present in flow-injection analysis 2 were eliminated, and different analytical applications could be implemented without multiple manifold re-configurations. These advantages made the new system more attractive to industrial applications and routine analysis.
compared with the bead injection are the possibilities to trap the beads, separate the analyte and measure the analytical signal on the conduits of the selection valve, minimizing all necessary paths. This system has been exploited for metallic ion determinations by using commercial resins as beads and electrothermal atomic absorption spectrometer as detector. 5, 9 The resulting system is characterized by high sensitivity and selectivity for nickel, but, as in every lab-on-valve systems, an additional component should be added, the integrated microconduit.
In this context, in the present work a novel strategy to incorporate ion exchanger in sequential injection analysis is proposed. To demonstrate the feasibility of the system, we selected the in-line phytate separation and determination in food samples. Recently, a very interesting sequential injection procedure based on kinetic-turbidimetric reaction was developed for phytate determination in food samples. 10 The resulting method presents high sensitivity, but unlike the present work phytate separation by the resin is done in an off-line way.
The selection of phytic acid determination as an example is justified by its anti-cancer action, 11 its inhibition of pathological calcium crystallization, 12 its anti-nutrient function in human diet, 13 and its important roles in plant biochemistry and physiology. 14 
Experimental

Reagent and solutions
The colorimetric/eluant reagent was prepared so as to obtain a solution with final concentration of 1.25 × 10 -3 M in Fe(III)-salicylate complex, 0.5 M Cl -and a final pH of 4.7. This solution was obtained by mixing equal volumes of a 2.5 × 10 -3 M Fe 3+ solution in 0.2 M HCl with a 5.0 × 10 -3 M salicylate solution containing 0.2 M of acetate buffer and 0.8 M of Cl -. It should be stressed that the salicylate solution should be added to the Fe 3+ solution to avoid reagent precipitation. Phytate standard stock solution, 1000 mg l -1 , was prepared by dissolving 1.4261 g sodium phytate (Sigma) into 1000 ml deionized water; the working standard solutions (50.0 -200.0 mg l -1 phytate in NaCl 0.1 M) were daily prepared by proper dilution of the stock solution.
Anionic resin suspension was prepared by adding 10 ml of deionized water to 0.25 g of AG1-X8 resin (chloride form, 200 -400 mesh) purchased from Bio-Rad. The suspension (AGs) was kept under mechanical agitation.
Sample preparation
Phytate extracts were prepared by weight about 2 g of grounded and dried samples, which were transferred to 125 ml Erlenmeyer flasks containing 40 ml of 2.4% HCl solution. Thereafter, the flasks were covered and shaken vigorously during 3 h at room temperature according to an AOACrecommended procedure. 15 Prior to analysis, sample crude extracts were centrifuged and diluted; 5 ml of the supernatant was mixed with 5 ml of 0.65 M NaOH solution and the volume made up to 25 ml with deionized water.
Apparatus
The sequential injection system was an FIAlab-3000 (Alitea USA, Medina, WA), equipped with a UV-Vis CCD spectrophotometer and an LS1 tungsten halogen light source (Ocean Optics Inc., Dunedin, FL) coupled to a tubular flow cell (optical path 10 mm, inner volume 20 µl) by a fiber optic cable of 400 microns. Reactors and transmission lines were built up with 0.8 i.d. PTFE tubes. A circular nylon screen with openings of 35 µm (Spectra/Mesh, Rancho Dominguez, CA) was placed immediately before the flow cell.
Procedure
The sequential injection system and its operation steps are shown in Fig. 1 and Table 1 . Initially, 150 µl of resin suspension are aspirated to the holding coil, and then directed to the flow cell. During the passage of the resin suspension through the nylon screen, the beads are packed immediately before the flow cell. After, a defined sample volume is selected and directed to the formed anionic resin mini-column, where phytate is retained while the sample matrix is discarded. Finally, 20 µl of the spectrophotometric reagent/eluent solution are selected by the SIA system and directed towards the flow cell. During the passage of the reagent by the resin minicolumn, the phytate ions are eluted, reacting with the colored Fe(III)-salicylate complex. A variation in the absorbance signal proportional to analyte concentration is monitored at 525 nm. At this point, the packed beads are aspirated back to the holding coil and directed to a recovery flask located in a port of the selection rotary valve, and the system is ready to process a new sample.
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System optimization
The main relevant parameters: reagent composition and concentration, sample volume, anionic resin quantity and preconcentration and elution flow rates were investigated.
The better conditions to form the complex Fe(III)-salicylate were sought by fixing the Fe 3+ concentration (1.25 × 10 -3 M) and varying the salicylate concentration (2.5, 5.0, 10 × 10 -3 M). Here, the chloride concentration was fixed as 0.5 M.
After the establishment of the ideal proportion between Fe The effect of the sample and reagent flow rates in the analytical signal were investigated by varying both parameters sequentially between 10 and 100 µl s -1 , while the sample volume and the amount of the resin was varied between 25 -200 µl and 2.5 -5.0 mg, respectively. Finally, the main analytical characteristics: sampling frequency, reagents consumption, linear analytical range, precision and accuracy were evaluated when food samples were processed by the system.
Results and Discussion
Strategy for packing and disposal the resin mini-column
The strategy is based on selecting a defined volume of a resin suspension, and directing the selected beads to the detector (Figs. 2A and 2B, step 1). Just before the detector, the beads are packed in the analytical path due to the presence of a circular nylon screen (Ns), establishing a resin mini-column in the system (Figs. 2A and 2B, step 2). When the selected sample volume flows through the mini-column, the analyte is retained, whereas the sample matrix is discarded (Figs. 2A and 2B, step 3). At this point, the analyte can be eluted by the passage of the eluant/reagent by the packed beads, being the analytical signal monitored on the liquid phase ( Fig. 2A, step 4) . Another alternative, is directing the beads to an adequate detector able to measure the analytical signal, referent to analyte concentration, directly in the beads without elution (Fig. 2B , steps 4 and 5); examples of these detectors are FAAS, ET-AAS ICP-AES. In the first case, after monitoring the analytical signal, the beads are aspirated back to the holding coil ( Fig. 2A, step 5 ) and then directed towards a recovery flask linked at the selection valve ( Fig. 2A, step 6 ). In the second case, the beads containing the analyte absorbed on their surface are aspirated back to the holding coil (Fig. 2B, step 4) and then directed to an appropriate detector (Fig. 2B, step 5) . In both cases, after the last step the system is ready to begin a new cycle or to be used to carry out another sequential injection procedure, as the simple sequential injection manifold is restored. Exemplifying the first strategy, in the present work phytic acid is separated and determined by using AG1-X8 as ion exchanger, and a solution containing Cl -and Fe(III)-salicylate complex as eluant/spectrophotometric reagent. AG1-X8 resin was selected due to its lower swelling effect and its recognized ability for organic acids' separation.
Reaction conditions
Spectrophotometric conventional methods for phytic acid determination often are based on its complexation with ferric ions. As Fe 3+ ions form colorless complexes with phytate, the spectrophotometric determination is normally carried out in an indirect way. For this reason, here Fe(III)-salicylate complex that absorbs in the visible region was selected as reagent, simplifying the required instrumentation and improving the selectivity. The phytate ions react with the Fe 3+ present in the Fe(III)-salicylate complex, dislocating the equilibrium and consequently promoting a decrease in the color of the reagent that is proportional to phytate concentration.
Salicylate reacts with Fe 3+ to form a 2:1 complex, and this proportion was initially selected to prepare the complex. The absorbance signal of the resulting solution containing 1.25 × 10 -3 M Fe 3+ plus 2.5 × 10 -3 M salicylate was ca. 0.6 at 525 nm, when processed in the SIA system, which corresponded to the blank signal (Fig. 3) . Reagent solutions containing an excess of salicylate (more than 2.5 × 10 -3 M) were also tested, and no significant difference in the reagent absorbance signal was observed. As the excess of salicylate competes with phytate by the Fe 3+ ions, loss in sensitivity is observed for this condition (Fig. 4) then, the 2:1 proportion between salicylate and Fe 3+ was maintained during the synthesis of the colorimetric reagent.
The Fe(III)-salicylate reagent concentration could not be increased due to its instability. On the other hand, for reagent concentrations lower than 1.25 × 10 -3 M the applicability of the method was limited by the significant reduction of the analytical range. In this way, the Fe(III)-salicylate concentration was fixed at 1.25 × 10 -3 M as the better compromise among sensitivity, reproducibility and the other analytical factors, which were controlled to satisfy this condition.
As any incompatibility between the colorimetric reagent (Fe(III)-salicylate complex) and the eluant species (Cl -) was observed, the reagents were added to the same flask to simplify 677 ANALYTICAL SCIENCES JUNE 2002, VOL. 18 Fig. 2 Sequence of events for exploiting ion exchange in SIA system. A: 1, packing the beads; 2, the in-line packed mini-column; 3, packed beads are perfused by the sample; 4, eluant/spectrophotometric reagent is propelled through the packed beads and the detector; 5, the spent beads are aspirated to holding coil; 6, the spent beads are directed to the recovery flask. B: 1, packing the beads; 2, the in-line packed mini-column; 3, packed beads are perfused by the sample; 4, the beads containing the analyte are aspirated to holding coil; 5, the beads are directed to an appropriate detector. Ns, nylon screen. Other symbols see Fig. 1 .
the SIA system; thus the elution and colorimetric reaction occurred in the same step ( Fig. 2A, step 4) . In this way, the complex was prepared in different Cl -concentrations and it was observed that any variation in the analytical signal occurred for Cl -concentrations higher than 0.2 M (Fig. 5) . However, for Clconcentrations lower than 0.5 M the reproducibility was not good. This effect can be explained by the retention of salicylate ions by resin mini-column at low Cl -concentrations. For Clconcentrations higher than 0.5 M the reagent solution was instable and the precipitation of some species was observed. Thereupon, the Cl -concentration was fixed at 0.5 M.
Flow rate optimization
The rate at which the sample flows through the resin minicolumn normally is an important parameter for the sensitivity of the methods employing resin separation, mainly because the time interval for analyte and resin interaction is determined by this parameter and by mini-column length. In the present work, this effect is not observed for flow rates between 40 -100 µl s -1 as the analytical signal is almost constant (Fig. 6 ). For flow rates lower than 40 µl s -1 and higher than 100 µl s -1 , a decrease in the analytical signal was observed. As a compromise between reproducibility and analytical frequency, the sample flow rate was fixed as 80 µl s -1 .
The eluant/reagent flow rate has been shown to be more critical than the sample flow rate. The effect can be explained based on the affinity of the resin mini-column by the salicylate ions. When the reagent flow rate was < 20 µl s -1 , a high interaction of the salicylate ions with the resin was observed; as a consequence, the blank and sample signals decreased. For reagent flow rates higher than 20 µl s -1 , the reproducibility was not good, because there was not sufficient time for eluting the phytate ions and for the development of the colorimetric reaction (Fig. 7) .
Injected volumes
The resin suspension volume was selected as 150 µl in order to guarantee the ideal ion capacity for the selected analytical range, the ease of resin removal, and the reproducibility in the amount of the selected beads. When the selected resin suspension volume was lower than 150 µl, the reproducibility was lost as the amount of the selected beads was not a representative sample of the original suspension. For volumes higher than 150 µl, a high hydrodynamic backpressure limits the applicability of the method. When 150 µl of the resin suspension is introduced, the sequential injection system has an exchange capacity of 6 × 10 -3 meq, which is sufficient for phytate determination in the selected food samples.
The selected sample volume was fixed as 50 µl in order to attain an analytical range between 50 to 200 mg l -1 of phytate. This parameter was not critical, and if necessary this value could be adjusted for phytate determinations in samples with high or low phytate contents.
A reagent volume of 20 µl was considered suitable to promote the phytate elution and reaction with the Fe(III)-salicylate complex. For lower volumes of reagent, the absorbance of the blank is too low and the analytical range is not adequate. For higher volumes, the sensitivity is almost constant, the reproducibility is very poor and much more waste is generated.
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Applications
After the extracting phytate procedure was carried out, the food samples extracts were neutralized with NaOH and the final chloride concentration was keep as 0.13 M to avoid the retention of interferant ions by the resin, mainly phosphate. The strategy allowed the retention of phytate ions by the resin minicolumn, while the others potential interferant ionic species were discarded due to the presence of chloride.
Remarkable stability and robustness were observed when the proposed system was applied to phytate determination in food samples. Unlike the manual method, the results of the sequential injection method are not easily affected by small variations during the analytical procedure.
The proposed sequential injection system is able to run about 60 measurements per hour, consuming only 4 µg sodium salicylate, 3.5 µg ferric chloride and 3.8 mg AG1-X8 per measurement. The analytical range was between 50 and 200 mg l -1 phytate and can be changed by increasing or decreasing the selected sample volume. For the above selected conditions, the detection limit was estimated as 3.5 mg l -1 in the extracts.
Typical results obtained when food sample extracts were processed by the sequential injection system were precise and in agreement with those obtained by the official AOAC method (Table 2) .
Baseline drift was not observed during long operating periods. The results were always precise (r.s.d. ≤ 3.2% for processed samples) and accurate, indicating that the proposed procedure can be applied to phytate determination in routine laboratories. Furthermore, the novel sequential injection procedure including the resin mini-column was demonstrated to be a very interesting way to promote separation and concentrations in sequential injection system without any manifold reconfiguration. Table 2 Determination of phytic acid in food samples Sample SIA AOAC Data expressed in g/100 g of dry matter, at 95% of confidence. SIA and AOAC correspond to the proposed and the official procedures. Fig. 7 Effect of reagent flow rate in the analytical signal. The curve was obtained by processing 50 µl of a 100 mg l -1 phytate solution at 80 µl s 
